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METHOD AND KIT FOR MEASURING 
ENDOGENOUS CYTOKINES 



Field of the Invention 

The invention relates to methods for monitoring 
immunological function in a human or animal. More particularly, the 
present invention relates to accurately measuring the concentration of 
cytokines in the blood and other body fluids, including but not limited to, 
saliva, nasal secretions, tears and sweat 

Background of the Invention 

As used herein, the term "cytokine" is defined as growth 
factors secreted by immune or other cells, whose action is on cells of the 
immune system, such as, but not limited to, T-cells, B-cells, NK cells and 
macrophages. Representative cytokines include, but are not limited to, the 
group consisting of into-leukin lot, interleukin-lB, ijiterleukin-2, interleukin- 
6, interferon-alpha, interfCTon-gamma, tumor necrosis factor-a, growth 
factors, such as TGFB, NGF, EGF, and oncogenes such as c-myc and c- 
fos. The term "EIA" means any immvmoassay utilizing enzymes as the 
label. The term "endogenous cytokines" as used herein, means cytokines 
that are produced in vivo and normally circulate in the blood and various 
otiier biological fluids. The term includes prohormones which are larger 
molecular weight forms of cytokines which have not yet undergone post- 
transcriptional modification. 

The impact of a variety of factors, including behavioral and 
environmental stress, on health and on susceptibility to diseases such as 
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AIDS, cancer and autoimmune disease, is thought to be mediated by the 
immune system (Ader, R. et al., eds., PSYCHONEUROIMMUNOLOGY, 
Second Edition, Academic Press, New York (1991)). However, the effects 
of many of these influences on the fiincdon of the immune and host defense 
5 systems has been difficult to assess widi certainty. This is due, in part, to 

the fact that most methods of evaluating the activity of the immune system 
focus on blood components, whether semm or cells. 

A newly emerging field known as p^choneuroimmunology 
seeks to define, in a more mechanistic manner, the way in which 

10 biobehavioral factors are internally transduced to impact on the immune 

system and thereby influence susceptibility or resistance to a variety of 
pathological processes. Biobehavioral factors such as stress may be positive 
or negative risk factors for a pathologic outcome (Maier, S.F. et aL, BRAIN 
BEHAV. IMMUN. 2:8791 (1988)). It is thought by some researchers that a 

15 positive or negative attimde in humans may be a significant factor 

contributing to the overall host response in cancer, AIDS, or autoimmunity 
(see, for example, Ader et al., supra). 

Our ability to evaluate and quantify discrete components of 
the immune system in a single individual over time (critical for monitoring 

20 the onset and/or treatment of diseases associated with AIDS, for example) 

has been elusive (Kiecolt et aL, BRAIN BEHAV. iMMUN. 2:67-78 (1988); 
Glaser, R. et al., BRAIN BEHAV. iMMUN. 1:107-112 (1987)). The smdy 
of behavioral strategies that can be enlisted in the modulation of the immune 
system iequiries readily available analytical tools diat can be used by a broad 

25 spectram of investigators, including those not necessarily sophisticated in 

complex in Wrrd' immunological techniques. Such methods are clearly 
lacking at piesent 

One method used widely in psychoneuroimmunology 
research is die stimulation of lymphocytes in vitro by mitogens, known also 

30 as lymphocyte blastogenesis or the lymphocyte transformation test 

(Maluish, A.E. etaL, MANUAL OF CUNICALlJVBbRATORY IMMUNOLOGY 
(3rd Ed.). Rose. N.IL. et al.. (eds.). 274-281, (1986)). This method 
involves culture of lymphocytes separated firom blood for several days in 
vitro in the presence of vairymg doses of mitogens. These mitogens are 

35 typically plant-derived or micrborganism-deiived non-specific activators of 

lymphocyte proliferation. The ability of tiie cultured lymphocytes to 
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incorporate ^H-thymidine (a well-known measure of DNA synthesis and 
cell growth) is generally used as a measure of the cells' response. This 
procedure is highly variable and technician-dependent, and is influenced by 
a number of unknown factors including the microenviroiunent provided by 
the subject's sraum if incorporated in the assay. 

In contrast to die more classic inununoassays for endocrine 
hormones, the absence of an established baseline response makes 
comparison between laboratories, and even within a laboratory, very 
difficult. However, the lymphocyte transformation test does provide 
functional information about the immune system because the test examines 
the response capacity of an entire class of cells, either T or B lymphocytes, 
depending upon the mitogen used. Unfortunately, the imprecision of the 
assay greatly diminishes its utility. 

A second assay commonly used in psychoneuroimmunology 
research measures natural killer (NK) cell activity (Herberman, R.B., 

Manual of Clinical Laboratory Immunology (3rd Ed.), Rose, 

N.R., et al. (eds.), 308-314 (1986); Irwin, M. et al., BRAIN BEHAV. 
IMMUN. 1:98-104 (1987); Jemmott, J.B. 3d, J. BEHAV. MED. 13:53-73 
(1990)). Again, this assay suffers from many of the shortcomings noted 
above. One reason this assay has become popular is the relative ease of its 
performance compared to most antigen-specific or antibody-dependent 
cellular cytotoxicity assays. However, compared to immunoassays 
commonly used for endocrine hormones, it still ranks as a rather difficult 
bioassay to perform. 

TTie NK cell assay is based on the ability of a class of white 
blood cells to spontaneously lyse target cells, typically from an 
appropriately sensitive tumor cell line, which have been pre-labeled with 
51Cr, thereby releasing the radioisotope into the mediimi. This assay lacks 
a quantifiable baseline, and comparisons between individuals is based on 
the differences in lysis effected by serial dilutions of a blood cell sample. 
The precise relationship between cells with NK function and the better 
known classes of leukocytes and lymphocytes is still unclear. Furthermore, 
the role of NK cells in immunological function and host defense to cancer or 
infectious disease is not firmly established. 

A third approach to monitoring the immune system that has 
grown in popularity is the enumeration of lymphocyte subsets by flow 
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cytometry using antibodies specific for cell-surface markers (Ault, K., 

MANUAL OF Clinical Laboratory Immunology (3rd Ed.), Rose, 
N.R., et al., (eds.), 247-253 (1986)). This approach provides a snapshot 
of the distribution of various lymphocyte classes in the circulation, but does 
not provide functional information about any of the cells. Because many 
psychobiological studies involve a pre-treatment, treatment and post- 
treatment design, die assay suffers from the disadvantage that some changes 
in cell numbers may be too rapid and transient to be meaningful. In 
contrast, the long-term stams of circulating lymphocyte subsets may be too 
stable to provide an accurate measure of a response to a mild stimulus. The 
approach of enumerating subsets is thus more appropiiate for examination 
of more permanent changes ±at occur in major medical illnesses, such as 
the loss of CD4+ T cells in AIDS. Therefore, the utility of this metfiod for 
measuring the response of the immune system to behavioral factors is 



. A fourth approach, which has the distinct advantage of 
simple and non-stressfid samplings involves measurement of die secretory 
inununoglobulin, IgA, in the saliva (Johnson RJ5., Jr. et al., J. 
IMMUNOASSAY 3:73-89 (1982); Stone, AJi. et al., J. HUMAN STRESS 
13:136-140 (1987); Jemmott. J.B. 3d et al., BEHAV. MED. 15:63-71 
(1989); Jemmott, J3. 3d et al., J. PERS. SOC. PSYCHOL. 55:803-810 
(1988); Jemmott, J.B. 3d et aL, LANCET 1:1400-1402 (1983)). The total 
concentration of salivary IgA reflects the presence of a large collection of 
antibodies of unknown antigen specificity. Furtfaomoie, it is not clear how 
total IgA leyels in saliva relate to the ioverall dynamics of the immune 
system. IgA antibodies are associated with mucosal surfaces and are 
thought to protect these surfaces from infection. Gonsequendy, secretory 
IgA is found not only in saliva but also in tracheobronchial secretions, 
colostrum, milk- and genitourinary secretions. The utility of monitoring 
secreted IgA as a useful index of activity of the immune system as a whole 
has been questioned (Stone et aL, supra; Jemmott et al., supra). 

Importantly, for testing behavioral factors, such as 
psychological stress on the immune system, it is particularly important to be 
able to sample a body fluid in a non-stressful manner. For example, 
obtaining a blood sample by venipuncture may itself induce physiological 
changes which could.contaminate the data obtained. Thus, a method which 
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would allow measurement of salivary levels of a cytokine or other product 
of the immune system would have several major advantages over existing 
approaches, such as (a) eliminating the risk and stress associated with 
phlebotomy; (b) serving as a window into the internal milieu; (c) allowing 
simple "at home" collection; (d) permitting a dynamic assessment over time; 
(e) providing an essential new tool for the evaluation of brainAmmune 
system interactions; (f) serving as a measvue which will assist in evaluating 
the impact of stress on health and (g) providing a measure that may be 
relevant to the onset of disease after initial pathogenic events, such as HIV 
infection in AIDS. 

Two regulatory molecules of the immune system are 
interleukin 1 and 2 (IL-1 and IL-2). The ability of IL-1 and IL-2 to 
modulate a cytokine "cascade" and the concomitant cell proliferation, 
diffa-entiation and effector function of lymphoid cells has been characterized 
in detail (see, for example, Kampschmidt, R.F., J. LEUK. BlOL. 36:341- 
355 (1984); Smith, K.A., ANN. REV. IMMUNOL. 2:319-333 (1984)). 

These two molecular signals are apparently not limited to 
action within the immune system, as recent studies indicate that both of 
these cytokines act as honicostetic regulators outside the immune system. 
For exainple, IL-1 has been shown to act as a potential modulator of the 
hypodialamic-pituitary-adrenal axis (Besedovsky, H. et al., SCffiNCE 
233:652-654 (1986); Bemton, E.W. et al., SCIENCE 1987:519-521 
(1987)), while IL-2 has been shown to affect Leydig cell steroidogenesis 
(Gou, a etaL, ENDOCRINOLOGY 127:1234-1239 (1990)). Studies have 
.demonstrated that IL-1 and IL-2 directiy (without the presence of 
macrophages or T-cells) inhibited the /n viVro and i/i vivo growth of 
hormone-dependent human breast cancer cells (Paciotri, G.F. et al., MOL. 
ENDOCRINOL. 2:459-464 (1988); Paciotti, GJ?. et al., ANTICANCER RES. 
8:1233-1240 (1988); Paciotti, G.F. et al., ANTICANCER RES. 11:25-32 
(1991)). It appears, therefore, that these cytokines not only affect classical 
autocrine/paracrine loops within the immune system, but also affect 
endocrine circuits and may therefore modulate interactions between the 
endocrine and immune systems. 

For IL-1 and IL-2 to play roles as "endocrine-like" 
hormones, they must exist in sufficient quantities to reach and affect their 
hypothesized target sites. Thus, ascertaining the biological basis of an 
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endocrine action for such signal molecules traditionally thought to belong to 
the imm une system, depoids on our ability to detect and monitor, in a 
quantitative manner, the endogenous concentrations of these molecules. 
Conventional methods of measuring IL-1 and IL-2, as well as other 
5 cytokines, directiy in the blood have been unsatisfactory. 

To date, the study of IL-1 and JL-2 has been concemed 
primarily with their role in stimulating lymphocj^e proliferation and helper 
and effector function in the adaptive immune response and other forms of 
host defense. As a result of this focus, smdy of these cytokines has been 

10 limited to stimulation of cells cultured in vitro, or the measurement of blood 

cytokine levels in vivo in immunological diseases. Recent studies indicate 
that IL-1 should be considered an "endogenous" component of the 
circulation; its concentration can vary in a number of "real life" situations. 

Generally, in viewing IL-1 and IL-2 or other cytokines as 

15 measures of immunocdmpetence in vivo, investigators have focused on 

large changes in concentration under severe pathophysiological conditions 
such as leukemia and arthritis. Furthermore, reports of circulating cytoldne 
levels have been concemed with the elevation in patients compared with 
controls, while paying little attention to the feet that JLrl and JL-2 were also 

20 detectable in normal subjects and might be subject to modulation by a 

variety of subclinical factors (Michie, H.R- et al., NEW ENG. J. MED. 
318:1481-1486 (1988); Grau, G.E. et al.. LYMPHOHNE RES. 7:335 
(1988); Shenkin, A. et aL, LYMPHOHNE RES. 7, 333 (1988)). 

In addition to measurement of cytokines in serum or plasma, 

25 various cytokines have been detected iii bther bioibgical fluidsl For 

example,' Kimball. E.C. et al., (J. IMMUNOL. 133:256-260 (1984)) 
reported IL-1 bioactivity in human urine. Tamatani, T. et al., 
(IMMUNOLOGY 65:337-342 (1988)) disclosed the presence of BL-la and IL- 
16 in human amniotic fluid, using chromatographic and bioassay methods. 

30 The same group used eniyineiminunoassays to measiiielL-la and ILrlB in 

human amniotic fluid (Tsunoda, H. et aL, LYMPHOKINE RES. 7:333 
(1988)). Wilmott, R.W. et al., (LYMPHOKINE RES. 7:334 (1988)) 
measured IL-16 (by EIA) and IL-1 bioactivity in human bronchoalveolar 
lavage fluid in cystic fibrosis compared to other diseases. Khan, et al. 

35 (MOL. Cell. Endocrinol. 58:221-230 (1988)) reported that high levels 

of IL-l-like bioactivity could be demonstrated in human ovarian follicular 
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fluid. Lymphotoxins have been reported in blister fluid of pemphigoid 
patients (JefFes, E.W. et'al., J. CLIN. IMMUNOL. 4:31-35 (1984)). IL-1 
has also been reported in human sweat ODidierjean, et al., "Biologically 
active interleukin 1 in human eccrine sweat Site dependent variations in 
oc/p ratios and stress-induced increased secretion," CYTOKINE 2:438-446 
(1990)). 

ILrl has been reported to be found in the cerebrospinal fluid 
(CSF) of cats (Coceani,.F. et aL, BRAIN RES. 446:245-250 (1988)) and 
humans (see, for example. Peter, J.B. et al., NEUROLOGY 41:121-123 (Jan 
1991)). When Peter et aL (supra) examined IL-IB and tumor necrosis factor 
(TNF) in CSF and serum of multiple sclerosis patients and normal conffols, 
they concluded that the levels of these cytokmes in these two fluids vkk not 
of inognostic or diagnostic utility. Westacott, C.L et aL, (ANN. RHEUM. 
DIS. 49:676-681 (1990)) used immunoassays to measure cytokines in 
synovial fluid of patients with rheumatic disease (EIA for IL-IB; RIA for 
EL-2, TNF, IFN alpha and ganmaa). 

A factor with IL-l-like bioactivity was detected in the 
gingival fluid of clinically normal humans (Oppenheim, J J. et al., 

. TRANSPLANT. PROC. 14:553-555 (1982)), the activity being higher in 
inflamed: than non-inflamed gingival regions. The gingival fluid factor 
exhibited molecular weights corresponding to both IL-1 and epidennal 
tiiymocyte-activating factor (Charon, LA. et al., INFEC. IMMUN. 38:1190- 
1195 (1982)). Studies by Jandinski and colleagues using EIA (Jandinski, L 

, et aL, J. DENT. RES. 67:2307 (1988); Jandinski, L et aL, J. DENT. RES. 
68:526 (1988); Jandinski, L et aL, J Darr. RES. 68:1233 (1988)) reported 
the presence of IL-la in periodontal tissue, while IL-1 predominated in 
gingival ctevicular fluid of patients with periodontal disease. A more recent 
study (Kabashimi, H. et al., iNFEC. iMMUN. 58:2621-2627 (1990)) 
utiliang polyclonal antisera to recombinant human IL-la and IL-IB and 
measurement by Western blotting, disclosed that the majority of die IL-1 
bioactivity found in gingival crevicular fluid of patients with chronic 
inflammatory periodontal disease was IL-1, generally considered the 
membrane-bound form of IL-l". The suggestion was made that the ILl was 
derived, by enzymatic cleavage from tiie cell surface. In this latter study, 
special care was taken to avoid , contamination of the gingival fluid witii 
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saliva. These facts argue strongly against a salivary origin for the gingival 
flnidIL-1. 

As can be seen from the foregoing overview of the literature, 
there have been many attempts to measure endogenous cytokines in blood 
and other body fluids. However, in reviewing these reports, it is apparent 
that there is wide variation in the reported results with regard to cytokine 
concentration in the blood and to fluctuations of cytokine concentration in 
the blood. 

Many reports indicate that cytokines (Le., 11^2) are not 
detectable in normal subjects using immunoassays. It is possible that 
circulating JL-2 may be bound by the well-described soluble lL-2 receptor. 
The site of attachment may interfere with recognition by the capture 
antibody of a sandwich assay system, which would make JL-2 appear 
undetectable. Alternatively, even if the molecule is c^tured, the detection 
by tiie second antibody may be prevented by stoic hindrance by the binding 
of botii tile capture antibody and tiie soluble IL-2 receptor to ILrl. In effect, 
tiiere may not be sufBcient space to pamit the binding of yet a tiiird large 
protein. The key element is that die design of these sandwich ELBA assays 
suggests that they may only pickup a firactioa of the total. 

It is possible that some assay procedures detect very litde 
cytokine, whereas ofliers pickup none at alL This difference may be related 
to the assay system or to the cytokine or both, The problem has been 
reported by the observations of Cannoni J.C5., et aL, LYMPHOHNE RES., 
7:457-465 (1988), in which the authors show that some plasma substance 
inhibited the assay, effecting detection. In this.;Stody, the authors 
recommend chloroform extraction of plasma to remove interfering 
substances. It is not dear from tins study if die plasma factors simply effect 
the performance of the assay or are related to the cytokine itself. This 
question was further described by Capper, S J., et al., CYTOKINE 2:182- 
189 (1990). Capper, SJ., et aL show that IL-1 a and p are bound by 
proteins and that the dissociation of these molecules from these serum 
binding proteins by acidifying the plasma changes tiie detectable levels. The 
problem of masking appears to be unique to biological samples collected 
from in vivo sources; in vitro cell culture supematants do not contain large 
quantities of serum binding proteins. 
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The best example of a cytokine "binding protein" may be 
infored from the data describing a soluble JL-2 receptor found in the 
circulation. This molecule has been shown to be immunologically similar to 
the low affinity IL-2 receptor on T-cells, "Tac". Its presence in the 
circulation, ftee of the T-cell, would strongly argue that it can no longer be a 
receptor capable of transmitting signals from outside the cell to inside the 
cell. However, these data do not address the ability of tiiis molecule to still 
bind TL-2. We would argue that IL-2 in the circulation is bound by this 
protein, and it is this bound complex which essentially makes the 
endogenous IL-2 undetectable by "sandwich" assays. Other cytokines 
(e.g., IL-1) may be bound to other carrier molecules in serum that 
effecdvely masks their detectioiL 

In addition, while various cytokines, including IL-1, have 
been reported in certain normal or pathological biological fluids, there have 
bieen no reports of cytokines or lymphokines in saliva or nasal secretions. In 
£act, a papa* reporting a study of the pharmacodynamics of interferon (Diez, 
R.A. etal., J. INTERFERON RES. 7:553-557 (Oct. 1987)) stated that "...at 
present, whether intoferon is present in saliva and nasal secretion is 
unclear." 

It would be of great benefit if one could eaaly, accurately 
and T«producibly measure the concentrations, of various endogenous 
cytoldnes in the body fluids. This would create a useful window not only 
into the immune system but into a myriad of physiologically interacting 

I processes. Such tools would be useful in a varieQr of settings, allowing the 
'colledddii of data of iinpOTtance to basic medical sciences, clinical medicine, 
epidemiology and the for^isic sciences. 

What is needed , is a reliable method of measuring 
endogenous cytokines in blood which will result in an accurate blood 
concentration of the cytokine independent of binding proteins which may be 
bound to the circulating cytokine. In addition, ability to measure cytokines 
in a biological fluid such as saliva or nasal secretions would simplify the 

- analysis of an individual's iminune system, possibly supplanting the need to - 
perform prolonged, tedious: and highly variable assays of these cells' 
bdiavior in culture. 
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Summary of the Invention 

The present invention is a competitive solid phase 
immunoassay for use in detecting and monitoring endogenous cytokines in 
humans or animals. The competitive solid phase immunoassay is a "one 
site" immunoassay rather than a "sandwich" assay. The present invention is 
especially useful for measuring endogenous cytokine levels in the blood and 
other biological fluids. Prior art methods have been unable to reliably 
measure cytokine levels in the blood because cytoldne-binding proteins (or 
other blood products) appear to mask the cytokine protein. By measuring 
the cytokines using the present invention, the concentration of a particular 
cytokine can be accurately detomined. In addition, the present invention is 
particularly useful in measuring endogenous cytokines in fluids such as 
saliva, nasal secretions, and tears. 

The present invention provides the capabifity of easily 
sampling body fluids and thereby measuring "normal" as well as 
"stimulated" levels of cytokines. The present invention provides a new tool 
for monitoring these chemical communication signals and their 
dysregulation in the face of challenges by pathogens, chemicals, 
therapeutics as well as by biobehavioial factors. 

Thus, the present invention is also directed to a method for 
the non-invasive determination of the level of a cytokine in a human or 
animal, consptiang measuring the concentration of the (^okine in the saliva 
or nasal secretion of the human or animal utilizing a novel competitive 
immunoassay. The immunoassay can be an razyme immunoassay or an 
immunoassay utilizing other labels 'such a!s ' iradibactive elements, 
liinouneiident M»is, and the like. 

The present invention is especially useful in measuring 
proteins in the blood and other body fluids and includes, but is not limited 
to, proteins from the group consisting of inteiieukin-la interleukin-lB, 
interleukin-2, interleukin-6, interferon-alpha, interferon-gamma and tumor 
necrosis factor-alpha. It is contemplated that the present invention will be 
useful in detecting and quantifying other cytokine-like molecules in the 
blood that have not yet beai characterized. 

Li another embodiment, the present invention is diieaed to a 
method for monitoring immunological activity of a subject comprising 
measuring in a non-blood body fluid of the subject the concentration of a 
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cytokine. In a preferred embodiment, the body fluid is saliva. In another 
embodiment, the body fluid is nasal secretion. 

Accordingly, it is an object of the present invention to 
provide a method for accurately measuring the concentration of endogenous 
cytokines in body fluids of humans or animals. 

It is yet anoth^ object of the present invention to provide a 
method for accurately measuring the concentration of endogenous cytokines 
in blood of hiunans or animals. 

Another object of the present invention is to provide a 
method for accurately measuring the concentration of endogenous cytokines 
in saliva and nasal secretions. 

Yet another object of the present invention is to provide a 
method by which the concentration of cytokines in a body fluid can be 
correlated to a pathological condition. 

Yet another object of the present invention is to provide a 
method for measuring cytokines. 

It is another object of the present invention to provide a 
. method for monitoring cytokine levels which does not require a clinical 
setting for conducting the tests. 

It is yet another object of the present invention to provide a 
method for evaluating and measuring cytokine levels in response to 
behavioral perturbations. 

It is a further object of the present invention to provide a 
method for evaluating cytokine levels as a response to chemical, viral or 
. bacterial challenges. 

It is yet another object of the present invention to provide a 
method for monitoring cytokine levels during the course of an identified 
disease. 

It is an object of the present invention to provide a metiiod 
for using measurements of cyn>kine levels as an index of the risk of disease. 

It is another object of the present invention to provide a 
method for using cytokine levels as an indicator of clinical flare-ups. 

These and other objects, features and advantages of the 
present invention will become apparent after a review of the following 
detailed desoiption of the disclosed embodimrats and the appeaded claims. 
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Brief Description of the Drawings 

Rg. 1 is a graph showing relative antibody titer of rabbit 
polyclonal antiserum to recombinant himian interleuldn-la. 

Fig. 2 is a graph showing the immmioreactivity effractions 
5 of an anti-IL- 1 antiserum subjected to chromatography. 

Fig. 3 is a graph showing an IL-la standard curve in assay 
diluent in an BLA. 

Fig. 4 is a graph of serum parallelism for the IL-la-specific 
EIA. This graph is a logit transformation of the data of Fig. 3 and serum 
10 parallelism validation of the IL-la EIA. 

Rg, 5 is a graph showing an IL-2 standard curve in assay 
dUuent (Hg. 4) in an EIA. 

Rg. 6 is a graph of serum parallelism, performed as for Fig. 

4. 

15 Fig. 7 is a gr^h showing HPLC validation of fractionated 

cytokine-spiked serum treated with antibodies specific for IL-1 (Hg. 7A) or 
IL-2 (Fig. 7B). 

Fig. 8 is a Western blot showing a single band of 
immunoreactive r v^tmsH co-ndgrating with the 17 kDa WHO standard (lane 

20. !)• . 

Hgs. 9 through 11 are each graphs showing twenty-four 
hour profiles of IL-la and IL-2 from three normal female volunteers. 

Fig. 12 is a graph showing IL-la inamunoreactivity in 
saUva, . Saliva was diluted 1:5, 1:50 and 1:500 and plotted as tiie log of the 
25 dilution. . • ; - 

, : • ; Rg. 13 is a graph showing IL-2 immunorcactivity in saliva 
(dilutions as in Rg. 9). 

Figs. 14 through 20 show the levels of salivary IL-1 and IL- 
2 in four subjects undergoing physical or psychological stress. 
30 Fig. 21 shows HPLC separation of IL-2 immunoreactivity in 

saliva and an IL-2 standard. 

Detailed Description 

The present invention provides methods for measuring the 
■ 35 level of a cytokine in a biological fluid from a human or animal such as 

blood, saliva, nasal secretions or tears. According to the present invention. 
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cytokine-type proteins can be accurately measured in the blood even in the 
presence of cytokine binding proteins which mask the cytokine activity in 
conventional assays. 

These methods are particularly useful for monitoring 
5 immunological activity in a subject Such monitoring may be used in (1) 

subjects undergoing cytokine immunotherapy, or other forms of therapy, 
(2) patients with immunological disorders in which salivary iymphokine or 
cytokine levels are abnormal, (3) individuals bemg snidied for die effects of 
behavioral influences on immune function, and the like. The methods are 

10 particularly well-suited for monitoring immunological activity in a non- 

invasive and non-stressful manner, in individuals responding to various 
biobehavioral stimuli, such as psychosocial stress. 

The methods of the present invention may be used to detect 
the presence or measure the concentration or level of any of a number of 

15 known cytokines or lymphokines, including, but not limited to, IL- 1 , IL-2, 

IL-4, IL-6, IFN-alpha. IFN-gamma, TNF- alpha and TNF-beta. 

The present inventors havie developed competitive EIAs 
which' are capable of being used to accurately measure cytokines in serum as 
well as saliva and nasal secretions. Being able to measure cytokines in 

20 saliva and nasal secretions allows one to measure the proteins in more easily 

obtainable body fluids than blood. 

The present invention incliides any one-site assay system 
that is preferably polyclonal antibody-based It has been discovoed by die 
present inventors that even though a cytokine may be bound to another 

25 molecule in the biological fluid, there is at least be one part of the molecule 

that is available for idte recoghitioii.^ This site is accessible to polyclonal 
antibody binding, making it detectable in the one site system. 

This hypothesis is further supported by the direct 
observation ofthe inventors. In a study in which cell culture supematants 

30 and plasma samples were studied using an IL-2 sandwich assay, it was 

determined that IL-2 in culture supematants could be detected, but could not 
be detected in the plasma samples. These plasma samples were tfien heated 
at 57*C for 30 minutes. The samples were re-analyzed and levels of IL-2 
were then detectable. These data suggested that the two-site assay would be 

35 problematic, a one-site polyclonal luitibody system was developed. This 

one-site system is capable of detecting IL-2 in normal serum or plasma 
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without further processing. In fact, when the serum is heated as described 
above, less IL-2 is detected compared to the unheated samples. These 
observations may be explained by the following: Using the sandwich 
assay, heating allows one to see something compared to nothing. 
However, with the competitive assay system the total was already detected. 

The methods of the present invention put in the hands of 
both basic researchers and clinicians a new tool which provides a quick, 
sensitive and dynamic "snapshot" of the immune system. Using the 
methods of the present invention, it is possible to obtain a clearer picture of 
the state of the immune system in a himian or animal not only during a 
major disruption, as in AIDS or autoimmune diseases, but in response to 
common stressful life events. This information can enlarge the knowledge 
of the various factors which promote health or disease via effects on the 
immune system, and will allow individuals, health care providers and 
socieQr at large to make more rational decisions as to health promoting 
behaviors. 

Tlie method of the present invention for naeasuring the level 
of a cytokine in a biological fluid typically compiises incubating the 
biological fluid in the presence of an antibody capable of binding to die 
cytokine and detecting the amount of the cytokine bound or not bound to Ae 
antibody. 

Conventional imnunoassays, in particular EIAs, are well 
known in tiie art (see, for example, Voller, A., DIAGNOSTIC HORIZONS 
2:1^7, Mifcrobiological Assodates Quarterly Publication. Walkersville, MD 
(1978); VoUer. A. et al., Buii; WHO 53:55-;65= (1976); Voller, A. et al., J. 
Clin: PATHbL.^ 31:507-520 (1978); Buder, J.E., METH. ENZYMOL. 
73:482-523 (1981); Maggio, E. (ed.), ENZYME IMMUNOASSAY, CRC 
Press, Boca Raton, FL (1980); Hevey etaL, U.S. Patent No. 4,228,237; 
Parikh et al., U.S. Patent No. 4,298,685, which references are hereby 
incorporated by reference). 

TTie present inventors have developed a novel competitive 
form of the enzyme linked immunosorbent assay (EUS A) (see also Plebani 
et al., J. IMMUNOL. METH. 90:241 (1986)) to measure hormones and 
growth factors in biological matrices. The manner by which an unknown 
ligand, such as a cytokine, is detected is similar to that of a competitive 
radioimmunoassay. Briefly, a specific amount of a labeled analyte, for 
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example, labeled biotinylated IL-1, is in competition with unlabeled IL-1 
(either in the unknown sample or in a standard) for a linoited number of 
antibody binding sites. 

The above method is preferably an immunoassay, more 
preferably, an enzyme immunoassay, most preferably, a competitive 
enzyme immunoassay. The above method provides a method for 
monitonng immunological activity of die subject wherein the measurement 
is performed on more than one occasion. Furthermore, the above method 
provides a method for monitoring cytokine therapy in a subject wherein the 
subject being monitored is one undergoing cytokine therapy. Preferably, 
the cytokine being monitored is the cytokine of the immunotherapy. 

In a preferred embodiment of the present invention, in the 
first step of the assay, an antibody, preferably a rabbit polyclonal antibody 
which recognizes many epitopes on the cytokine molecule, is adsoibed to a 
solid, phase support or earner, preferably ihe wells of a polystyrene EIA 
plate. This antibody, known as a "capture antibody," is dien used to bind 
the labeled analyte, e.g.. biotinylated IL-1, and the unlabeled analyte in the 
sample or the standard. After appropriate washing steps, an enzyme- 
conjugated binding parmer for the label, for example, streptavidin or an 
anti-biotin antibody, is incubated with the antibody-analyte complex, 
allowing the enzyme to be bound to the complex. After removal of any 
unbound enzyme-conjugated binding panner, a chromogenic enzyme 
substrate is added. The bound enzyme converts the substrate to a colored 
product which can be detected by colorimetric means. The amount of color 
■ • that develops per unit time is inversely proportional to the amount of analyte 
present in the sample. As the concentration of analyte, for example IL-1, 
increases, the amount of color generated decreases. This is because the 
larger amovmt of IL-1 in the sample competed successfully with the fixed 
amount of biotinylated IL-1 for binding to a fixed amount of immobilized 
antibody, and bound non-labeled IL-1 does not result in subsequent binding 
of the Innding partner-enzyme complex. 

The competitive EIA according to the present invention is 
designed to be performed rapidly, preferably within seven hours, although 
it has the flexibility of being used as an overnight assay. In a preferred 
form of the assay, during the first two hours, the capture antibody, 
preferably a rabbit anti-human cytokine antibody, is adsorbed to die wells of 
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a 96-weIl immunoplate. During the next two hours, unbound antibody is 
washed off the plate followed by addition of either standards or unknowns, 
as well as a specific amount of labeled cytokine, preferably biotinylated 
cytokine. Hie amount of labeled cytokine which has bound is ihca detected 
by the addition of the binding parmer, preferably streptavidin, conjugated to 
an enzyme, preferably alkaline phosphatase, followed by addition of the 
chromogenic substrate, prefoably p-nitrophenyl phosphate. Hie resultant 
color is then read as absoibence (or optical density, O.D.) at an appropriate 
wavelength, e.g., 405 nm for p-nitrophenyl phosphate disodium. The color 
can be read using a colorimeter, such as an ELIS A plate reader, at several 
time pdnts, for example 4 and 24 hours. 

The term "solid phase support" means any support capable 
of binding antigen or antibodies. Well-known supports, or carriers, include, 
but are not limited to, polystyrene, polypropylene, polyethylene, glass, 
dextran, nylon^ amylases, natural and modified celluloses, polyacrylamides, 
agaroses, and magnetite. The support material may have virmally any 
structural configuration so long as the antigen is capable of binding to an 
antibody. Thus, the support configuration may be spherical, as in a bead, or 
cylindrical, as in the inside surface of a test tube, or the external surface of a 
rod. Altematively, the surface may be flat such as a sheet, test strip, etc. A 
preferred carrier is the bottom and sides of a polystyrene microtiter plate 
welL Those skilled in the an will knOw many other suitable carriers for 
binding antibody or antigen, or wiU be able to ascertain the same by use of 
routine experimentation. 

A preferred means of labeling the analyte, e.g., the cytokine 
(or anti-cytokine antibody, as discussed below) is by linking to it to label 
which can be bound to a binding partner which is conjugated to an enzyme 
in an EIA. This enzyme, in turn, when later exposed to its substrate, will 
react with the substrate in such a manner as to produce a chemical moiety 
which can be detected, by spectrophotometric, fluoromctric or by visual 
means. Enzymes which are useful in the EIA method of the present 
invention include, but are not limited to, alkaline phosphatase, glucose 
oxidase, B-galactosidase, malate dehydrogenase, staphylococcal nuclease, 
delta-5-steroid isomerase, yeast alcohol dehydrogenase, alpha- 
glycerophosphate dehydrogenase, triose phosphate isomerase, horseradish 
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peroxidase, asparaginase, ribonuclease, urease, catalase, glucose-6- 
phosphate dehydrogenase, giucoamylase and acetylcholinesterase. 

It is also possible to label the analyte (or antibody) with a 
fluorescent compound. When the fluorescent labeled bound analyte is 
exposed to light of the proper wave length, its presence can then be detected 
due to fluorescence. Among the most commonly used fluorescent labeling 
compounds are fluorescein isothiocyanate, rhodamine, phycoerythrin, 
phycocyanin, allophycocyanin, o-phthaldehyde and fluoiescamine. 

The analyte andbody can also be labeled widi fluorescence 
emitting metals such as ^^^Eu, or others of the lanthanide soies. These 
metals can be attached to the analyte or antibody using such metal chelating 
groups as diethylcne-triaminepentaacetic acid (DTPA) or 
ethylcnediaminetetraacetic acid (EDTA). 

The analyte or antibody also can be labeled by coupling it to 
a chemiluminescent compound. The presence of the chemiluminescent- 
tagged bound molecule is then determined by detecting die presence of 
luminescence that arises during the course of a chemical reaction. Examples 
of particularly useful, chemiluminescent labeling compounds are luminol, 
isoluminol, th^omatic acridinium ester, imidazole, acridinium salt and 
oxalate ester. 

Likewise, a bioluminescent compound may be used to label 
the analyte or antibody. Bioluminescence is a type of chemiluminescence 
found in biological systems in which a catalytic protein increases the 
efficiency of the chemiluminescent reaction. The presence of a 
bioluminescent protein is determined by detectiaig the presence of 
luminescence. Important bioluminescent.compo.unds for purposes of 
labeling are ludferin, lucif erase and aequorin. 

In addition to use of the enzyme immunoassay, the method 
of the present invention can measure the level of a cytokine using any of a 
variety of other immunoassays. For example, by radioactively labeling the 
cytokine (or the cytokine-specific antibodies or antibody fragments as 
described below), it is posable to detect the cytokiiie trough the use of a 
radioimmunoassay (RIA). A good description of RIA may be found in 
Weintraub, B., PRINCIPLES OF RADIOIMMUNOASSAYS, Seventh Training 
Course on Radioligand Assay Techniques, The Endocrine Society, pp. 1-S, 
46-49 and 68-78 (March, 1986). See also: Work, T.S. etal.. 
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LABORATORY TECHNIQUES AND BIOCHEMISTRY IN MOLECULAR 
BIOLOGY, North Holland Publishing Company, New Yoik (1978). 

The radioactive isotope can be detected by such means as the 
use of a gamma counter or a scintillation counter or by autoradiography. 
Isotopes which are particularly useful for the purpose of the present 
invention are 3h, I25i, 131i 35s 14c and preferably 125i. 

The binding activity of a given lot of anti-cytokine antibody 
may be detennined according to well known methods. Those skilled in die 
an will be able to determine operative and optimal assay conditions for each 
determination by enq)loying routine expoimentation. 

Other such steps as washing, stining, shaking, filtering and 
the like may be added to the assays as is customary or necessary for the 
particular situation. 

Detection of the labeled antibody or binding partner for the 
labeled analyte may be accomplished by a scintillation counter, for exan^le, 
if the detectable label is a radioactive gamma emitter, or by a fluorometer, 
for fivample, if the label is a fluorescent mateiiaL In Ae case of an enzyme 
label and a chromogenic substrate, the detection can be accomplished by 
coloiimetiic methods. Detection may also be accomplished by visual 
comparison of the extent of enzymatic reaction of a substrate in con^aiison 
with similarly prepared standards. 

In one embodiment of the present invention, a body fluid 
such as saliva or nasal secretions are collected in a tube. For, example, a 
subject is asked to expectorate or allow his saliva to flow into an 
appropriately placed collecting container. Stimulants of salivary set^etion, 
such as a stick of chewing gum or crystalline stimulant, such as citric drink 
mix or tart candy, may be used to enhance the flow of saliva. 

In another embodiment, a more sophisticated collection 
procedure entails the extraction of clarified saliva from dental cotton. A 
preferred embodiment is to coat the dental cotton with a sugar-free, 
powdered drink mix, which then serves as both stimulant for salivary 
secretion and as a "sink" for saliva collection. Clarified saliva is then 
extracted by placing the saturated cotton into the barrel of a 5 cc disposable 
plastic syringe. The plunger is reinserted into the barrel and a collection 
tube is placed at the tip of the syringe. The dental cotton is then 
compressed, forcing the clarified saliva out of the cotton. 
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In another embodiment, a more sophisticated collection 
device may be used, for example, an oral-diffusion sink (Wade, S.E., U.S. 
Patent No. 4,594,326; U.S. Patent No. 4,798,207, which references are 
hereby incorporated by reference in their entirety). Such a device allows the 
measurement in a time-integrated fashion of the concentration of substances 
in a fluid, preferably saliva. The device is installed in the mouth of a subject 
where it accumulates compounds of interest, preferably a cytokine as 
described herein, by passive diffusion. The device is a small, sealed plastic 
cylinder with a plurality of tiny ports covered by a selectively permeable 
membrane such as a dialysis membrane. These ports define a limited 
pathway for diffusion of the substance being measured, said substance 
accumulating in the device in relation to its concentration gradient A 
gradient may be maintained by providing within the inner chamber of the 
device a substance which can bind the substance to be measured, for 
example an antibody specific for the cytokine. More recendy, the utility of 
such a device for the time-integrated measurements of corticosteroids in 
human saliva has been demonstrated (Wade, S.E. et al., CLIN. Chem. 
37:1166-1172 (1991)). These studies demonstrate that die rate of uptake of 
the hormone by the device is (a) independent of the mass-flow properties of 
the medium in which it is used, (b) the performance of the device is 
unaffected by substantial blood contamination of saliva, (c) the device can 
accurately integrate eyen . extreme episodic changes in hormone 
concentration; and (d) individual differences in saliva from human subjects 
, are easily demonstrable. . 

J V The piesentinvention also provides test kits for use with the 
methods of the present invention; The;kit pf tiie present invention is useful 
for measuring cytokines in a body fluid, preferably saliva or nasal 
secretions. Each kit contains detailed instmctions on the collection of the 
biological fluid, e.g., saliva, the assay method and interpretation of results. 
The kit is preferably assembled under Quality Assurance procedures 
applicable to in vitro diagnostic products licensed as medical devices by the 
Food and Drug Administration. 

In a preferred embodiment, the kit comprises: 
(a) a container means for collecting said saliva or nasal 

secretion; 
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(b) a second container containing a first binding partner specific 
for the cytokine to be measured; 

(c) a tbiid container containing purified cytokine in labeled fonn; 
and 

(d) a fourth container containing a second binding partner for 
said label on said labeled cytokine. The above kit preferably 
further comprises: 

(e) a solid phase carrier. 

In a preferred format, a kit contains enough reagents to 
perform analyas of 80 unknowns (in duplicate). 

Preferably the kit contains a device for collection of the 
biological fluid, such as a sampling tube for saliva, a passive oral diffusion 
sink as described above or an equivalent thereof, or an aspirator for 
obtaining a nasal secretion. Optionally, the kit may contain a substance for 
stimulating the production or flow of the bodily fluid, such as chewing gum 
for ■gtimnlaring salivary flow, metiiacholine for stimulating nasal secretions, 
andthelike. 

In a piefCTed embodiment, the kit of die present invention 



(1) a capture antibody specific for the cytddne to be measured; 
(Z) purified cytokine in labeled fcnm; 

(3) standard human cytddne to serve as the assay standard; and 

(4) enzyme conjugated binding partn^ for the label on the 
labeled cytokine. 

The kit may optionally contain: 
, (5),. chiomogenic substrate for the enzyme; . 

(6) coating buffer comprising 15.9 g/1 NaiCOs, 29.3 g/I 
NaHCOs, and 0. 1 to 1 p-gAnl gelatin; 

(7) standard diluent; 

(8) substrate buffo:; 

(9) wash buffer; and 

(10) two 96-well polystyrene EIA plates. 

In a preferred embodimait, for measuring IL-la, tfie kit of 
the present invention contains: 

(1) purified polyclonal rabbit anti-human IL-la antibody (the 
cq}ture antibody); 
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(2) biotin-conjugated human recombinant IL human recombinant 
IL-lcc; and 

(3) Strcptavidin conjugated to alkaline phosphatase. 

In a preferred embodiment, the kit as described above 
additionally contains: 

(4) p-nitrophenyl phosphate disodium (substrate); 

(5) coating buffer, comprising 15.9 g/1 Na2C03, 29.3 g/1 
NaHC03, and 40 mg/1 BSA; 

(6) standard diluent, comprising phosphate buffered saline, pH 
7.4, supplemented with 0.1% BSA and 0.1% NaN3; 

(7) substrate buffer, comprising 1.255 g/l NaiCOs, 0.844 g/1 
NaHC03, and 0.203 g/l MgCl2; 

(8) wash buffer, comprising PBS supplemented with 0.2% 
Tween-20 and 0.1% NaNs; 

(9) two 96-well polystyrene ELISA plates. 

Such a kit may comprise a carrier being compartmentalized 
to receive in close confinement therewith one or more containers such as 
vials, tubes, and the like, each of said containers comprising the separate 
elements of the immunoassay. 

For example, there may be a container containing the capture 
antibody in fluid phase or alternatively, already inmiobilized on a solid 
phase support. A further container contains labeled (e.g., biotin- or 
enzyme-conjugated) cytokine, or labeled antibodies in solution. Further 
containers may contain standards con^)rising serial dilutions of the cytokine 
to be detected. The standard solutions of the cytokine are used to prepare a 
standard curve with the concentration of the cytoldne plotted on the abscissa 
and the detection signal on the ordinate. The results obtained from a sample, 
e.g. saliva, coniaiiung the cytokine may be interpolated from such a plot to 
give the concentration of the cytokine. 

In the above kit, the cytokine is preferably selected from the 
group consisting of interleukin-1 interleukin-lB, interleukin-2, 
intcrleukin-6, interferon-alpha, interferon-gamma and tumor necrosis factor- 
alpha. Most preferably, the cytokine is interleukin la, interleukin-lB, or 
interleukin-2. 

In one embodiment of the above kit, a preferred label for the 
cytokine is biotin and a preferred second binding parmer is strcptavidin. In 
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a preferred embodiment, the first binding partner is a capture antibody 
specific for the cytokine, the second binding partner is an enzyme- 
conjugated binding partner, preferably cn2yme conjugated-streptavidin. 
Preferably, the enzyme is alkaline phosphatase- The kit may additionally 
5 comprise a chromogenic substrate for the enzyme. 

Hie kit of the present invention preferably contains detailed 
instructions on the collection of the biological fluid, eg., saliva, the assay 
method and the interpretation of results. The types of assays which can be 
incorporated in kit form are many, and include, for example, coinpetitive 

10 and noncompetitive assays, including RIA, EIA, ELISA, and 

immunometric, or sandwich, immunoassays. 

The methods of the present invention eliminate the risk and 
stress associated with sample collection by phlebotomy. The assay methods 
of the present invention provide a useful monitoring tool to facilitate 

15 research in human or animal subjects, both normal and diseased The 

methods of the present invention, for the first time,' place simple, non- 
inviasive, reliable, repnxiucible and objective analytical instraments into the 
hands of those wishing to study the immune system of humans, such as 
research^ interested in brain-immune system int^ctions or physicians 

20 following a patient being treated with cytokines, agents that affect cytokine 

levels or agents that act upon the immune ^stem and whose action may be 
reflected as altered cytdkme concentrations in a body fluid, such as saliva. 

Having now generally described the invention, die same will 
be more readily imderstood tiitough reference to the following examples 

25 which are pro^aded by way of illustration, and are iiot intended to be 

linuting of tiiepresmt invention, fuiless specified 

Example I 

Generation and Purification of Polyclonal Antibodies Specific 
30 for Jnterleukin-la and Interleukin-2 

Pathogen-firee New Zealand white rabbits, weighing 
approximately 2-3 kg, are quarantined and acclimated in a pathogen-firee 
facility for 2 weeks prior to obtaiiurig a preimmunization blood sample from 
each animaL One week after the pre-immunization bleed, a 1:1 dilution of 
35 an immunogenic enhancer conaiprising colloidal gold having an alkaline pH, 

mixed at a ratio of 2:1, antigen solution to gold (Assay Research, Inc.) is 
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mixed with 500 jig of each peptide. The enhancer allows the peptide to act 
as the immunogenic molecule wiAout prior conjugation to other larger and 
more antigenic molecules such as BSA or KLH. For the first 
immunization, the peptide-adjuvant mixture is emulsified in Freund's 
complete adjuvant and injected subcutaneously into one rablnt Two weeks 
lata- the peptide/enhancer mixture is emulsified in Freund's incomplete 
adjuvant and is injected subcutaneously, TTiree days after this injection; five 
ml of blood is drawn through an ear vein and the resultant sera is tested for 
antibody titers (described below). Approximately two weeks after the 
second injection, each rabbit is boosted with only the peptide/enhancer 
mixture and bled four days later. Subsequent injections, containing only the 
pq)tide/enhancer mixture, and bleeds are performed once a month. 

Titration and Purification of lL-1 and IL-2 Antisera 

AftCT a second injection of either IL-1 or IL-2 into a rabbits, 
a five ml blood sample is drawn and the serum tested for antibody titer. Hg. 
la demonstrates that the iimnunogenic enhancer facilitated the generation of 
very high titer antiserum specific for IL-1 a. As shown, a two log dilution 
of the neat sera (i.e., 1:100 dilution to 1:10,000 dilution) does not decrease 
the signal generated. A similar titer is observed for the antiserum specific for 
IL-2. Although the antisera titers are high, the neat sera can not be used for 
further assay development due to the unacceptable background color 
generation. Consequentiy, both antisera are purified as described below. 

Each polyclonal antiserum is purified by column 
chromatography using a mixed ion exchange resin (J.T. Baker, Inc., 
Philiipsburg, NJ). Tlie resih-bound antibody, is eluted from the column 
using a linear gradient of 0 to 0.75 M NaCl in 25 mM MES (2-[N- 
Morpholinojethanesulfonic acid) (pH 5.6 with no NaQ, pH 7.0 at 0.75 M 
NaCl). Five ml fractions are collected and analyzed for protein content 
(absorption at 280 mn). The presence of specific antibodies is tested by a 
direct en2yme immunoassay (EIA). Rabbit antibodies are detected by an 
alkaline phosphatase-conjugated goat anti-rabbit antibody. Those fractions 
which result in a signal-to-noise ratio of five or more are pooled and 
dialyzed against PBS. The resultant pooled aliquots serve as the antibody 
solution for tiieir respective EIAs. 
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Depicted in Fig. 2 is a typical chiomatogram observed fiom 
the mixed ion exchange purification of the IL-la antiserum. The resin 
fractionates the serum into two major firactions: one fraction containing 
seium contaminants such as albinnin and tcansfenin (fiactions 1-10; closed 
5 drcles) and the other ficaction containing a hi^y enriched immunoglobulin 

fraction (fractions 12-30; open circles). After testing, only those fractions 
which give a signal to noise ratio of 5 or better are pooled and dialyzed 
against PBS (Kg 2; open circles). 

10 Example n 

Direct and Competitive Enzyme Immunoassays 

1. Titration of Mdsera 

The test bleeds for either peptide and all subsequent 
production bleeds are tested for relative antibody titers by a direct EIA, 

15 Eiflier IL-1 or IL-2 is diluted in coating buffer (15.9 g/L NaiCOs, 29.3 g/1 

NaHCOs, pH 9.6) to a concentration of 10 figAnl. One hundred Hi of tiiis 
solution is dispensed into 16 wells of a 96-well microtiter plate and 
incubated for 2 hours at room temperature. During this incubation, serum 
samples from both the pre-immunization bleed and test bleed for each 

20 peptide are diluted 1:100, 1:1,000 1:10,000 and 1:100,100 in assay diluent 

(phosphate buffer saline (PBS) containing 0.1% NaNs). 

After the incubation, the wells arc washed with 300 pi of 
wash buffer (0.2% Tween-20 solution in PBS), and 100 jil of the diluted 
sera are added to designated wells and incubated for one hour. Following 

25, this incubation, the wells are washed with wash buffer, followed by 

. addition of 100 |il of alkaline phosphatase-conjugated goat anti-rabbit 
antisera to each well. This mixture is incubated for one hour followed by 
washing. Hie chromogenic substrate, p-nitrophenyl phosphate disodium 
(Sigma Chemical Co., Sl Louis, MO) and the color reaction (absoiption at 

30 405 nm;A405) is measured within 15 miiiutes with an ELIS A plate reader. 

2. Measurement of IL-l and IL-2 

Purified antiserum against either IL-1 or IL-2 is diluted 
1:10,000 in coating buffer, and 100 ^1 are added to wells of a microplate 
35 and incubated for 2 hours. The wells are then washed with wash buffa and 

standards or unknown samples are added in a volume of 50 fil and 
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incubated for 1 hour. A standard curve is generated using 6 concentrations 
: of IL-1 or JL-2 (100, 25,-625, 1.563, 0.39 and 0.098 ng/ml). To account 
for possible matrix effects, the standards were diluted in assay diluent or in 
. a 50% serum solution horn which endogenous IL-1 or IL-2 has been pre- 
absorbed (discussed below). Following the 1 hour incubation, 50 pi of 
conjugated IL-1 or IL-2 (Assay Research, Inc.) is added to the wells and 
allowed to compete with IL-1 or IL-2 in the standards or samples for an 
additional 1 hour. The wells are then washed and incubated for 45 minutes 
with alkaline phosphatase conjugated and-rabbit antibody (Assay Research, 
Inc.) followed by the addition of substrate. The resultant color reaction is 
determined at an absorbance of 405 nm. The data for the standard curve, as 
well as the potency estimates for tiie unknowns are analyzed by computer- 
assisted four parameter log-logit curve software (Microplate Manager, Bio- 
Rad, Richmond, CA). 

Hgs. 3 fliroiigh 6 demonstrate classical competition kinetics 
in EIAs for both the iL-l (Figs. 3 and 4) and IL-2 (Figs. 5 and 6). A 
sigmoid curve is generated when plotting the log of the cytokine standard 
concentration against the resulting absoibence at 405 nm (OD405) (Figs. 3 
and 5). When the observed absorbence values are converted to a logit 
function, a straight line is generated (Figs. 4 and 6). The limit of detection 
of both assays is 98 pg/ml corresponding to a mole value of 2.8 X 10"16 
moles of IL-l/well and 3.6 x 10-16 moles of IL-2/well, with a linear range 
of 0.4 to 25 ng/ml. Furthermore, the ED50 (concentration at which 50% 
competition occurs) for both assays is about 1.0 to 1.5 ng/ml. 
:, ■ hjc ' i Whenserum is added to: die reaction, significandy less color 
is generated: This;indicated that less binding dccuiried, thereby invalidating 
the measurement of unknown samples in 100% serum. However, upon 
examining the effects of serial dilution of the serum, a 50% mixture of 
serum and assay diluent give results which are comparable to bodi threshold 
of detection and ED50 to die standard curve generated in assay diluent 
alone. A maximum of 50% serum <x plasma can be used without adversely 
affecting the steindaid curve. 
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Example m 

Validation of Assays 

1. Effects of Serum 

Both the IL-1 and IL-2 EIAs are validated by performing 
parallel studies of standards in serum vs. standards in PBS, and by 
quantitative recovery of added cytokines in serum. Serum parallel 
expoiments are performed by serial dilution of the serum samples which 
contained inmiunoieactive IL-l and TLrl with assay diluent and are used as 
unknowns in both the IL-1 and IL-2 EIAS; Upon development of the EIAs, 
the absoibence values for botii the standard curve and serially diluted serum 
samples are analyzed for parallelism. 

Hie effect of serum on the perfomoance of the IL-1 and IL-2 
EIAs require testing, because one of the primary objectives for the assays is 
to determine if II^l and ILr2 occurred endogenously in the circulation. This 
is accomplished by two separate methods. The first smdy examined is 
quantitative recovery of the cytokines from senmi to which known amounts 
of the (grtokines has been added ("cytokinc-spiked sepun"). For this assay, 
standard curves are generated in either standard dUuent or human serum 
diluted 1:1 with assay diluent 

Parallel studies demonstrated that the standard curves 
generated in either assay diluent or 50% human serum are parallel (Figs. 4 
and 6). Thus, serum-containing samples, although exhibiting a matrix 
effect, do not contain non-specific factors which inhibit the binding of IL-1 
or IL-2 to their respective antibodies. Furtfiermore, die slope and the ED50 
value for both assays, (either done in assay diluent; or in pre-absorbed 
serum) are Very siinilar, indicating that serum from which immunorcactive 
IL-1 or IL-2 is removed can be used as a earner matrix for the determination 
of endogenous BL-l and IL-2 levels. 



30 . 2. Absorption Analysis 

The second approach involves absorption of a cytokine by 
its respective antibody and analysis of the absorbed material by high 
performance liquid chromatography (HPLC). For this study the antibodies 
aie diluted 1:500 in coating buffo-, and 100 ^1 of either antibody is added to 

35 the EIA plate. Twenty-four hours later, the plates are washed with wash 

buffer and 100 {H oi serum containing either IL-1 or IL-2 is added to die 
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appropriate wells and incubated overnight After the incubation, the plates 
are washed with wash buffer and the well-bound mataial is eluted from the 
weU by the addition of 100 jil of 2M NaCl followed by quick-freezing the 
plate at -80°C. Hie eluted matoial is separated on a gel filtration HPLC 

' sizing column which has been eqoilibrated with 100 ^gAnl BSA in 100 mM 
NaHP04 buffer. Etaclions of L5 ml are collected eveiy minute and quickly 
frozen. The immunoieacdvity of each fracdon is Aen compared to the 
immunoreacdvity of HPLC-fracdonated standard. 

One minute fractions, collected from a linear HPLC gradioit . 
separation of the cytokine diluted in assay diluent, are tested in tiieir 
respective EIAs. The resultant immunoactivity is then compared to the 
immunoreacdvity of swum which has been fractionated by HPLC, captiued 
by antibody and ^iked witii the cytokine (Fig. 7). IL-1 or IL-2 antibodies 
used in die EIAs are used to capture the IL-1 or IL-2 fix)m the cytokine- 
spiked serum. The results indicate that the material captured on the plate 
migrated to die same position in the chromatogram as the standard. Fig. 7 

. deinonstrates that the immunoreactivity of antibody-absorbed serum is 
highest in those fractions which co-eluted with the authentic IL-1 or ILr2 
standard, although other protdns aie detected based on absorbence at 280 
nm. 

3. Western Analysis 

The lL-1 antibody-captured sample was also tested by 
Western blot analysis. Figure 8 indicates that a single band of 
: immunoreactive material co-migratesi with the 17 kDa WHO standard, 
although Q)omassie blue staining of tiie SDSrPAGE ; gel indicates the 
presence of many additional proteins. 

4. Cross Validation with IL-2 Bioassay 

The IL-2 EIA is cross-validated against an IL-2 bioassay, 
using a recombinant IL-2 standard diluted in serum. The bioassay consists 
_ of measuring tiie prpliferat^^^ pf the IL-2 dependent cell line, 

CTLL-2, as a function of the amount of lactic acid in die culture well, 
caused by various concentrations of IL-2 either in the standard or other 
reference standard. This response is compared with the potency estimate of 
that standard as calculated from the IL-2 EIA standard curve. Hnally, a 
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cross absorption study is performed to determine if serum, containing IL-1 
and IL-2 immunoreactivity, shows diminished IL-1 or IL-2 levels following 
immunoabsorption with either the IL-1 or IL-2 antibodies. Prior to the 
experiment, the sample is shown to contain 2.5 ng/ml IL-1 and 20 ng/ml IL- 
5 2. The sample is divided into two aliquots and incubated with either EL-l or 

IL-2 antibody under standard assay conditions. Subsequendy, the sample 
is removed from tiie wells and analyzed for lL-1 and IL-2 levels in a later 
assay. 

Intemal standards, routinely measuring 4 and 15 U/ml in the 
10 bioassay, are calculated to contain 3.1 and 17.5 U/ml, respectively, in die 

EIA. Each EIA is tested for cross-reactiviiy with other cyxokmes or serum 
factors. 

5. Analysis of Cross-Reactivity 

IS In each assay, cross-reactivity of the reagents with other 

cytokines and major serum factors is also tested. In this study, each 
cytokine is tested at the highest concentration of standard (100 ng/ml) in 
each EIA, while the serum factors are tested at concentrations of up to 1 
mg/ml. The results are presented as % CToss-reactivity of each cytokine as 

20 calculated by the following equation: 

Cone, of Nonspecific Reagent x 100 

% Cross-reactivity = ; 

Actual Concentration 

' Botii the IL-1 and IL-2 HA demonstrate a very high degree 

25. of spedficity. Neitto assay recognizes any of the o 

any significant extent, the cross-reactivity rangjng from 0 to 0.5% (Table 
1). FurthOTnoie, the serum factors tested do not interfere with the assay at 
concentrations that exceeded the standard concentration by 100,0(X)-fold. 
The cross-absorption study demonstrated that the IL-1 and IL-2 antibodies 

30 specifically recognize their respective (^rtokine in serum. For exan^le, IL-1 

levels do not change when the serum sample is treated with the IL-2 
antibody. 

Following absorption of the sample with the anti-IL-2 
antibody, IL-I levels decrease firom 3 to 23 ng/ml. In contrast, when the 
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sample is absorbed with the anti-IL-1 antibody, the ILrl concentration falls 
to- 1.5 ng/ml. Similarly, absorption with the anti-IL-2 antibody decreases 
measured IL-2 levels from 18 ng/ml to 2 ng/ml, whereas absorption mth 
the anti-IL-1 antibody has essentially no effect (IL-2 concentration of 
16 ng/ml). 

Table 1 

Cross-Reactivity (in %) of Cytokines and Other Serum 
Components with TL-la and IL-2 EIAs 



Test Substance 


IL-la EIA 


IL-2 EIA 


IL-la 


100 


0.0 


IL-16 


0.1 


0.0 


IL-2 


0.1 


100 


IL-3 


0.0 


0.0 


11^4 


0.0 


0.0 


11^6 


0.0 


0.5 


TNFa 


0.0 


0.0 


GM-CSF 


0.0 


0.0 


G-CSF 


0.0 


0.0 


M-CSF 


0.0 


0.0 


IgG 


0.0 


0.0 


Hemoglobin B 


0.0 


0.0 


Bilinilnn 


0.0 


0.0 


a2-maao^obuBri' ^ 


-0.0 


0.0 



Abbreviations: TNF-tuinor necrosis 
granulocyte/macrophage colony sdmulating factor; G-CSF: 
granulocyte colony stimulating factor; M-CSF: macrophage colony 
stimulating factor. 



Example IV 

Measurement of 24 Hour Profiles of IL-1 and 11^2 in Humans 

Three normal female volunteers are recruited through the 
Normal Volunteer Program, National Institutes of HealA as part of an 
ongoing study of 24-hour neuroendocrine profiles being conducted by the 
Neuroendoainology Branch, National Instimtes of Mental Health. Blood 



PCT/US92/0598I 



30 

samples are drawn through an indwelling heparin lock every 15 minutes for 
24 hours. Samples are collected and placed on ice and batch centrifuged 
every 6 hours. The resultant plasma is harvested and stored at -VO^C until 
thawed for analysis. Samples are run as duplicates in each assay and are 
analyzed for both IL-la and IL-2 at the same time. Peak frequency and 
duration is determined by the Cluster Analysis (Veldhuis, J.D. ct al., AM. 
J. PHYSIOL. 250:E48693 0986)). 

Data from these three nomMl volunteers indicated that IL-1 
and IL-2 levels are not stable throughout the day, with a large number of 
cytokine spikes occuiring throughout the day (Rgs. 9-11). The data 
demonstrate that changes in IL-1 levels arc temporally reflected by changes 
in IL-2 levels, with IL-2 levels consistendy higher at each time point This 
conclusion is further supported by computer-assisted pulse frequency 
analysis in which temporal peaks and their durations are identified. This 
analysis indicates that virtually all IL-1 peaks and their durations are matched 
by temporally coincident increases in IL-2. As pFeyiously demonstrated this 
temporal ccnncidence is not related to assay cross-reactiviQr because neither 
assay detects the alternate cytokine. 

To determine if an underlying 24-hour rhythmic secretory 
profile exists, mean hourly levels are calculated from tfie quarter-hourly data 
for each individual (Rg. 8, lower panels). Erom the limited number of 
subjects examined, it is difficult to detennine if any consistent secretory 
profile is present 

Thus, the cytokine levels measured in human soum by die 
EIA according to the present invention range from 0.5 1.5 ng/ml for IL-1 
and 1 to 8 ng/vd for IL-Z It is interesting to note that the cytokine levels 
reported herein are an order of magnitude lower than the reported 
dissociation constants of their respective receptors (IQlian, Pi. et aL, J. 
Immunol. 136:4509-4514 (1986); Dower, S.K. et al., J. EXP. MED. 
162:501-515 (1985)). This relationship between receptor affinity and 
circulating hormpne concentration is consistent with other well described 
endocrine systems. 

The results reported herein demonstrate that IL-2 levels 
appear to mirror, and be an amplification of, the IL-1 signal. Because IL-1 
stimulates IL-2 production and secretion (Smith, K-A., supra), the temporal 
coincidence of the two patterns and the finding of higher levels of 11^2 than 
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IL-1 are consistent with the well described IL-I/IL-2 cascade within the 
immune system. 

Example V 

Measurement of Cytokines in Saliva 

Saliva is collected using a method described by Kahn, J.P. 
et al.. BIOL. PSYCHIAT. 23:335-349 (1988). Subjects chew half a stick of 
sugarless gum 3 times without swallowing their saliva. Saliva is collected 
in 15 ml conical test tubes by placing the tube to the mouth and allowing the 
saliva to flow into the mbe. Subjects are instructed not to try to spit into the 
tube but rather to allow accumulated saliva to come to their hps and flow 
into the tube. Average collection is ^proximately 2 to 3 ml. Altemarively, 
saliva can be collected by coating a dental cotton with a sugar-free tart drink 
mix such as lemonade flavored Crystal Light™. The coated-cotton is 
placed between the gum and cheek for 2 to 3 minutes. The cotton is 
removed and placed in the barrel of a 5 cc syringe. The plunger to the 
syringe is replaced and a test tube is placed at the outiet of the syringe. The 
cotton is squeezed with the plunger and the saliva that is in the cotton is 
collected in die test tube. The collected solution is clarified saliva and is 
ready for analysis. 

The results of EIA determination of salivary IL- la and IL-2 
levels are shown in Rg. 12 and 13, respectively. In this study saliva from 
two subjects was detially diluted with Standard Diluent The resultant OD's 
firom the dilution wexe coinpared to the Standard dilution curve. The data 
show diat serial dilution of saliva results in a curve that parallels the soial 
dilution oif ifae Standards. 

Example VI 
Measurement of Cytokines in Nasal Secretions 

As with saliva, a band corresponding to a molecular weight 
of about 60-30 kDa is observed in a Western blot of nasal secretions 
developed widi an anti-IL-2 antibody. Pretreatment of the startiing material 
with the anti-IL-2 antibody absorbed out this band. However, if die sample 
is overloaded with IL-2 antigen prior to the absorption step, the band is no 
longer absorbed. These lesults indicate that a higher molecular weight form 
of IL-2 inomimoreactive ma^ial is presoit in nasal secretions. 
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- Example VII 

Physical and Psychological Stress Modulates Salivary 
Cytokines 

The levels of salivaiy IL-1 and IL-2 are measured in 14 and 
IS year old males during a period of sdence midterm examinations. For 
measurements of the psychological stressor, the exam, saliva samples are 
obtained five days after the exam for determination of background levels. 
On exam days, saliva samples are obtained within ten minutes before the 
exam ("Before") and five minutes after die exam C'After"). The effects of a 
physical stressor, running up and down a staircase five times, is also 
evaluated at least seven days after the above exams. Prior to exercise, a 
sample is obtained for background leveL After three runs up and down the 
stairs, a second saliva sample is obtained. Finally, upon completion of the 
exercise session, another sample is obtained. These data are compared to a 
sample taken 2 weeks after the mental and physical trials ("baseline"). The 
results are shown in Figs. 14-20 and indicate that physical exercise is 
accompanied by significant rises in IL-I and IL-2 concentrations. 
Psychological stress appears to have a greater anticipatory efifect, wherein 
cytokine levels increase prior, and in anticipation of, ±e school 
examination. 

Example VHI 

Use of Salivary Cytokine Levels to Predict Clinical Symptoms 
A number of autoimmune diseases (Theofilopoulos, A., In: 
D.P. Suies,-et al., eds., BaSIC AND CLINICAL IMMUNOLOGY, Lange 
Medical Publications, Los Altos, CA (1988)) are considered to be 
associated with biobehavioral factors (Weiner, R, PSYCHOBIOLOGY AND 
HUMAN DISEASE, Elsevier, New York (1977); Ader et al., supra). In this 
example, patients suffering from an autoinmiune disease are selected. 
These patients have diseases including myasthenia gravis, multiple 
sclerosis, systemic lupus erythematosus, autoimmune thyroiditis 
(Hadiimoto's thyroiditis). Graves' disease, inflammatory bowel disease, 
autoinnnune uveoretinitis, polymyositis and certain Q'pes of diabetes. These 
patients are subjected to stress including common behavioral stress (such as 
an oral mathematical test) or a cold pressor test, known to be associated 
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with increases in catecholamine levels and increases in heart late. The levels 
of salivary cytokines are deteimined as above. Salivary IL-1 and IL-2 are 
elevated both in anticipation of and during the course of stress. These 
changes in cytokines can be conelated with disease symptoms and generate 
useful predictors for onset of these symptoiiis. 

EXAMPLE IX 

Comparison, of Cytokine From Saliva With a Standard 
Cytokine 

A saliva saniple that registered approximately 100 ngAnl was 
lyophilized and re-constituted in one-tenth is original volume (so the 
theoredcal cone was 1 ug/ml). 100 ul of this solution was injected onto an 
isocratic high performance liquid chromatograph (HPLC), using a gel 
filtration sizing column (Zoibax GF-250, DuPont, Wilmingtoii, DE), which 
had been equilibrated with 100 ug BS A/ml in 100 mM NaHP04 buffer. 
Eluted 500 ul fractions were collected each minute. 

■ ' . - Following this run, IL-2^standard (10 ug/ml) was injected 

onto the column. Idoitical to diat described above, 100 ul of this solution 
was injected, and fractions collected. . All-samples were frozen at -20'C until 
assayed by EIA. 

The IL-2 EIA was performed as per ARI's instructions, 
using 50 ul samples for standards and unknowns. Each plate contained its 
own standard curve, and all samples were analyzed on the same day. The 
resultant ODs were extrapolated from.their re^ective standard curve to give 
'■ ai potency estimate. 

' TTie data are presented in Fig."21vj;T^ 
2 immunoreactivity are depicted on the y-axis and the fraction numbers are 
rqnesented on the x-axis.^ As can be seen from this figure, the quantity of 
IL-2 in the saliva sample and in the standard are differait This difference is 
due to the cnertentii concentration of IL-2 in saliva .compared to the standard 
solution. 

Tlie chromatograms show clear immunoreactivity (defined 
by 3 sequentially elevated samples) in the same position (fraction numbers 
15 through 22). Also, note the coincident immunoreactiviQr diroughout the 
two chromatograms. It appears that IL-2 measured in saliva is sinular to 
standard IL-2. . < 
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Having now fully described this invention, it will be 
appreciated by those skilled in the art that the same can be perfoimed within 
a wide range of equivalent parameters, concentrations and conditions, 
without departing firom the spirit and scope of the invention and without 

5 undue experimentation. While this invention has been described in 

connection with specific embodiments thereof, it will be understood that it is 
capable of further modifications. This application is intended to cover any 
variations, uses, or adaptations of the inventions following, in general, the 
principles of the invention, and including such dq)artures from the present 

10 disclosure as come within known or customaiy practice within the art to 

vMch the invention potains, and as may be applied to the essential features 
hereinb^ore set forth as follows in the scope of the appended claims. 
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Claims 

1 . A method for the determination of the level of a 
. cytokine in a human or animal comprising measming the concentration of 
. the cytokine in a biolo^cal fluid finom the human or animal using a one-site 
immunoassay. 



2. The method of Qaim 1, wherein the cytokine is 
selected from the group consisting of interleukin-la, interleukin-lB, 
interleukin-2, interleukin-6, interferon-a, interferon-gamma and tumor 
necrosis factor-o. 



3. The method of Claim 2, wherein the cytokine is 

interleukin-la. 



4. The method of Claim 2, wherein the cytokine is 

interleukin-lfi. 



5. The method of Claim 2, wherein the cytokine is 

interleukin-2. 



6. The method of Claim 2, wherein the cytokine is 

interleukin-6. 



7 . The method of Qaim 1, wherein the biological fluid 
is selected from the group consisting of saliva and nasal secretions. 



8. The method of Claim i, wherein the immunoassay 
utilizes polyclonal antibodies specific for the cytokine. 
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9 . The method of Qaim 1, wherein the immunoassay is 
a conqietitive immunoassay. 

10. A method of monitoring cytokine therapy in a human 
or animal comprising measuring the concentration of the cytokine being 
administered to the human or animal in a biological fluid from the human or 
animal using a one-step immunoassay. 



11. The method of Qaim 10, wherein the cytokine is 
selected from the group consisting of interleukin-la, interleukin-lfi, 
interleukin-2, interleukin-6, inteiferon-a, interferon-gamma and tumor 
necrosis factor-a 



12. The method of Claim 11, wherein the cytokine is 

interieukin-la. 

13. The method of Claim 11, wherein the cytokine is 

inteileukin-lfi. 



14. The mediod of Claim 11, wherein the cytokine is 

intetieukin-2. 



15. The method of Claim 11, wherein the cytokine is 

int»leukin-6. 



16. The method of Claim 10, wherein the biological 
fluid is selected from the group consisting of saliva and nasal secretions. 



35 



17. The method of Claim 10, wherein the immunoassay 
utilizes polyclonal antibodies specific for the cytokine. 
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18. The method of Claim 10, wherein the immunoassay 
is a competitive immunoassay. 



19. A method for the non-invasive detennination of the 
5 level of a cytokine in a human or animal comprising measuring the 

concentration of the cytokine in the saliva or nasal secretion of the human or 



20 



10 20. The method of Claim 19, wherein the cytokine is 

selected from the group consisting of interleukin-la, interleukin-lB, 
interleukin-2, interleukin-6, interferon-a, interferon-gamma and tumor 
necrosis factor-a. 



21. The method of Claim 20, wherein the cytokine is 
interieukin-la. 



22. The mediod of Claim 20, wherein the cytokine is 

interleukin-lB. 



23. The method of Claim 20, wherein the cytokine is 

25 interleukin-2. 



24. The method of Claim 20, wherein the cytokine is 

interleukin-6. 

30 



25. The method of Claim 19, wherein the cytokine is 
measured by immunoassay. 
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26. The method of Claim 25, wherein the cytokine is 
measured by a one-site immunoassay. 



27. Hie method of Claim 26, wherein the immimoassay 
is a competitive immunoassay. 



28. The method of Claim 26, wherein the one-site 
10 immunoassay uses polyclonal antibodies. 



29. A kit for measuring the level of a cytokine in a 
biological fluid fiom a human or animal ccHuprising: 

a. . a first container for collecting the biological fluid; 

b. . a second container containing a first bindiag partner specific 

for the cytokine to be measured; 

c. a third container containing labelled cytokine; 

d. a fourth container containing a second binding partner for 
said label on said labelled cytokine. 



30. The kit of Claun 29, further comprising a solid phase 



3 1 . The kit of Claim 29, wherein the labelled cytokine is 
labdled with biotin and the binding parmer is avidin. 



30 



32. The kit of Claim 31, wherein the avidin is 

stieptavidin. 



35 33. The kit of Qaim 29, whwein the first Wnding partner 

is a capture antibody specific for the cytokine. 
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34. The kit according to Claim 29, wherein the second 
binding partner is an enzyme-conjugated binding partner for tiie label on the 
labelled Qrtoldne. 



35. The kit according to Claim 34, further comprising a 
chromogenic substrate for the enzyme. 



36. The kit of Claim 34, wherein the enzyme is selected 
fiom the group consisting of alkaline phosphatase, glucose oxidase, beta- 
galactosidase, malate deyhdrogenase, staphylococcal nuclease, delta-5- 
steroid isomerase, alcohol dehydrogenase, alpha-glycerphosphate 
dehydrogenase, triose phosphate isomerase, horseradish peroxidase, 
asparaginase, ribonuclease, urease, catalase, glucose-6-phosphate 
dehydrogenase, glucoamylase and acetylcholinestCTasc. 



37. The kit of Claim 36, wherein the enzyme is alkaline 
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